Cloning the gp63 gene from L. major. The NH2-terminal protein sequence for gp63 is shown by the one-letter amino acid code above the DNA sequence of the 50-mer that was used to isolate the gp63 gene . The DNA sequence determined for the corresponding region in the gp63 gene is aligned with the 50-mer probe and the mismatch positions are boxed. Restriction enzymes with 6-bp recognition sites within the coding region of gp63 are shown: Xma III (Xma), Pst I (Pst), Pvu II (Pvu), Sst I (Sst), Sma I (Sma) and Cla 1 . The shaded vertical bar represents the region that flanks the 50-bp sequence in the gp63 clones, pLMS10-1-3, pLMS4-1-1, and pLMS7-1-3. The Pvu II (P) fragment that maps to the 5' end of the gp63 gene is on the left of the shaded region . The Eco RI sites [RI] are Eco RI linkers at the ends of the insert fragments in the clones . The size scale is given below the maps in kilobase pairs (kbp). Probes used for hybridization analyses are numbered at the left : (1) 50-mer ; (2) 2.2-kbp Eco RI fragment from pLMS10-1-3, for which the complete DNA sequence was determined (Fig. 3) ; and (3) 0.3-kb Pvu II fragment from pLMS10-1-3.
Gp63 was the major protein component in the Triton X-114 detergent phase, with A 63 X 103 under reducing conditions and M, . 50 X 103 under nonreducing conditions for SDS-PAGE, and bound the lectin Con A. A unique probe of 50 nucleotides (nt) in length (50-mer), which represented a single codon choice for amino acid positions 3-19 at the NH2 terminus of gp63 ( Fig. 1) , was designed based on Leishmania codon preference (6) . The specificity of the 50-mer probe was demonstrated by Southern analysis (Fig. 2 a) as it hybridized with distinct restriction enzyme fragments in the genomic DNA of L. major or L. donovani . Colony hybridization of 5 X 10' colonies from an L. major genomic DNA library resulted in 10 positive clones . The clones pLMS4-1-1, pLMS7-1-3, and pLMS 10-1-3 ( Fig. 1 ) represent three categories of clones with different restriction maps for the region 5' to the 50-mer probe. The DNA sequence was identical for each clone in the region that included the 50-mer sequence (Fig. 1) . The predicted protein sequence in the clones agreed with 21 of the 23 residues determined for the NH2 terminus of gp63 ; amino acids 19 and 20 were assigned to Lys and Thr in the provisional protein sequence data, but were actually Thr and Asp for the translated DNA sequence . Clone pLMS10-1-3, with the longest region 3' to the 50-mer, was used for the subsequent hybridization and DNA sequence analyses of the gp63 gene .
Southern and Northern Blot Analysis. Southern hybridization with a 2 .2-kbp Eco RI fragment (probe 2), that included the coding region for gp63 plus the 5' and 3' flanking regions (Fig. 1) , indicated that there is more than one copy of the gp63 gene in Leishmania (Fig. 2 a) . With Pvu II digestion of L. major genomic DNA, probe 2 hybridized to the 0.6-kbp and 0.3-kbp fragments that mapped within the gp63 coding region, as well as to the fragments (2.2-, 1 .7-, and 0 .9-kbp) that mapped to the 5' end of the gp63 genes and hybridized with the 50- mer probe (probe 1), (Fig . 2a) . The relative hybridization intensity of the 2.2-kbp Pvu II fragment was at least twice that of the 1 .7-kb or the 0.9-kb fragment . This pattern was interpreted as four or more copies of the 5' end region and likely the same copy number of gp63 genes per genome . The 0 .3-kbp Pvu II fragment that mapped within the gp63 gene ( Fig . 1 , probe 3) hybridized with a single 0 .3-kbp Pvu II fragment in L. major, indicating that the DNA sequence of the coding region is conserved among the gene copies (Fig . 2a) . Conservation of the primary structure and organization for the gp63 genes was shown by hybridization of the L. major gp63 probes with other species of Leishmania .
Although there were restriction enzyme site differences, the gp63 probes hybridized with equivalent intensities to L. major and L. donovani, Old World forms, and to L. braziliensis, New World forms of Leishmania (Fig. 2 a) .
Northern hybridization analysis showed that the gp63 gene is transcribed as a 2.5-kb RNA in both L. major and L. donovani (Fig . 2b) . The lower intensity of hybridization with L. donovani RNA versus L. major RNA reflects a lower level of gp63 expression in L. donovani since the hybridization with the gp63 probe was equivalent in these species (Fig. 2a, probe 2) .
DNA Sequence Analysis . The DNA sequence of the 2.2-kbp Eco RI fragment (Fig . 3) shows there are two ATG (Met) codons in the 5' end of a single long open reading frame. Assuming that the first ATG initiates translation, the gp63 gene translates into a 601 amino acid protein with the NH2-terminal amino acid sequence determined for gp63 at residues 101-123 . This predicted protein sequence of the L. major gp63 agrees with a partial amino acid sequence of a CNBr-derived peptide isolated from the L. mexicana gp63, purified as described (10) and sequenced in an independent laboratory (Dr . D. G. Russell, personal communication) . This match occurs at position 451 in the L. major sequence, MDYCPVVVPYS, and agrees with 8 of the 10 residues determined for L. mexicana, MEY-PVVVYD (including the presumed Met residue preceding the CNBr cleavage site) . The two mismatches are likely due to species variation. The sequence of gp63 is not homologous with any gene or protein sequenced to date as determined by computer searches of current databases. Consistent with gp63 as a cell surface protease, the protein sequence predicts that gp63 is synthesized as a precursor protein that has both a prepeptide, or signal sequence, and a propeptide, or regulatory sequence upstream from the NH 2-terminal amino acid sequence determined for the mature form of gp63 . A putative signal sequence for gp63 may be defined by the nonpolar residues between positions 21 and 39 in the protein sequence . Cleavage of the prepeptide often occurs after the sequence Ala-Xxx-Ala (11), hence one potential cleavage site is located at Ala-39 for the gp63 precursor protein . Given that Val-101 is the NH 2-terminal amino acid for the mature form of gp63, the residues between His-40 and Val-101 likely represent a propeptide that is removed from a precursor form of gp63 by proteolytic cleavage between Val-100 and Val-101 . The mature form of gp63 has 501 residues and a calculated M, of 55 x 10 3 . This agrees with evidence for asparagine-linked (N-linked) glycosylation accounting for 10-15% of the molecular mass for gp63 (1) , and in accordance there are three potential asparagine-linked glycosylation sites (Fig . 3) .
CAL ACG GAG CGG CTG AAG GTG CAG CAG GTG CAG GGC AAG TGG AAG GTG ACG GAL ATG GTC GGC GAT ATC TGT GGC GAL TTC AAG GTG CCG CAG 792 Ala His lie Thr Glu GLy Phe Ser Asn Thr Asp Phe Vat Met Tyr Vat Ala Ser Vat Pro Ser Glu Glu Gly Vat Leu Ala Trp Ala Thr Thr GCG CAC ATC ACC GAG GGC TTC AGC AAC ACC GAL TTC GTG ATG TAC GTC GCC TCC GTG CCG AGT GAG GAG GGT GTG CTG GCG TGG GCC ACG ACC 885 Cys Gin Thr Phe Ser Asp GLy His Pro Ale Vat GLy Vat lie Asn Ile Pro Ala Ala Asn lie Ala Ser Arg Tyr Asp Gin Leu Vat Thr Arg TGC CAG ACG TIC TCT GAC GGC CAT CCA GCC GTG GGC GTC ATC AAC ATC CCC GCG GCG AAC ATT GCG TCG CGG TAC GAC CAG CTC GTC ACG CGT 978 Vat Vat Thr His Glu Met Ala His Ate Leu GLy Phe Ser Gty Pro Phe Phe Glu Asp Ala Arg Ile Vat Ala Asn Vat Pro Asn Vat Arg Gly GTC GTC ACG CAC GAG ATG GCG CAC GCG CTC GGC TTC AGC GGC CCA TTC TTC GAG GAC GCC CGC ATC GTG GCG AAC GTT CCG AAC GTT CGA GGC 1071 Lys Asn Phe Asp Vat Pro Vat Ile Asn Ser Ser Thr Ala Vat Ala Lys Ala Arg Glu Gin Tyr Gly Cys Asp Thr Leu GLu Tyr Leu Gtu Vat AAG AAC TTC GAT GTT CCC GTG ATC AAC AGC AGC ACG GCA GTG GCG AAG GCG CGC GAG LAG TAC GGC TGC GAC ACC TTG GAG TAT CTG GAG GIG 1164 GLu Asp Gin Gly Gly Ala Ale Pro Pro Gty Arg Thr Ser Arg Ser Gin Arg Ala GLy Arg Ala His GLy Ala Cys Cys Ser Cys Arg Vat Leu GAG GAL CAG GGC GGT GCG GCT CCG CCG GGT CGC
The tripeptide, Arg-Gly-Asp, is implicated in the binding of proteins such as fibronectin, fibrinogen, and the complement protein fragment C3bi with their respective cell surface receptors (12) . The predicted protein sequence of gp63 has this tripeptide at position 375 . It has been reported that gp63 interacts with C3bi (10), and in addition, gp63 possibly interacts directly with macrophage CR3 through its Asp-Gly-Arg sequence . The attachment between the amphiphilic gp63 and the surface membrane of Leishmania is through a glycoinositol phospholipid that is covalently linked to the COOH terminus of gp63 (1) . The predicted protein sequence of gp63 has a hydrophobic tail of 12 amino acids at the COOH terminus ; determination of the COOH-terminal protein sequence of gp63 will establish whether it is removed during the covalent attachment of the glycolipid tail as occurs with the variant surface glycoprotein in Trypanosoma brucei (13) .
Summary
The gene encoding gp63, the major surface glycoprotein of Leishmania promastigotes, was isolated from Leishmania major using a synthetic oligonucleotide probe based on the NH 2-terminal protein sequence of purified gp63 . DNA sequence analysis and the translated amino acid sequence indicate that gp63 is synthesized as precursor molecule having both an NH 2-terminal preregion (signal peptide) and an adjacent proregion . This structure is consistent with the protease activity of gp63 since many other proteases are synthesized as precursor forms requiring processing for enzymatic activity . Hybridization studies demonstrated that there are multiple copies of the gp63 gene in the genome of L. major and other Leishmania species. The conservation of the coding sequence of gp63 amongst diverse species of Leishmania provides further support for the importance of gp63 during the life cycle of Leishmania .
